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ApplicatkHlNo. 09/868978 

After Final Office Action of March 8, 2006 



AppHoant respectfully request* reconsideration in view of the amendment and Mowing 
^narfc. Claim, 1. 2 and S-23 are rejected under 35 US.C. 1 12, first P-** M 10 
co^vwitt.a.ewnt.endescripnonreq^nt Claim, l,2and8-23 «=*e«d under 35 

porous membrane whh si* or more sttong acid molecule, does no, reasonably provide 

rejections. 

T*cE*uminexhas asserted **«he ^ the specification is e^ for impregnating a 
en.blemerfforim.^ganon.porousmol.^^ 

,25560. Support.br an.e.ded claim ! ean be found in U.S. Pa.cn. No. 6,352,742 a. col. 3, Unea 
11-13 which state, 

Preferably, the polymer electrolyte is soluble to a solvent. Specifically, a 
r o CerSolyte and further preferably not less than 2 pcaew^* 
~ ^ hn nt fonU . nores therein. (eSpha^dded) 

Clearly, the specification supplies support for a non-porous membrane. Furmennore, 
enclosed is a declaration from Dr. Thornas Schmidt which he states in paragraph no. 4, "One of 
ordinary skill in tine art would understand that this passage suppUes support for the phrase ^ 
membrane is non-porous' »- For *e above reasons, the. rejections should be withdrawn. 
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' METHOD FOR PRODUCING POLVMER ELECTROLYTE MEMBRANE AMD 

FUEL CELL 



?Mftffr elnventiop 

The prs^t invention relates to a method for producing a polymer eJootrolyte 

membrane and a fuel cell. 

A fuel cell incto an ekctxolyte aad a pair of electrodes. In the fuel eelU 
hydrogen gas is supplied to one of the electrodes, mi an oxidizing agent such as an 
oxygen gas is supplied to the other electrode, thcteby verting chemical energy 
tan«in^«^rf1l*Wto^« Tnc electrolyte permeates 
hydrogen ions but does not penned reactive gases such as the hydrogen gas and the 
oxygen gas. 

As the electrolyte fer the ftel cell a solid such as a polymer electrolyte 
membrane and a Kquid suoh as phosphoric acid are used. Recent*, a pofcmer 
olectroLyte membrane has preferably been used as the *r the *d ceQ, and . 

particularly perfluorosulfonic acid polymer has been receiving attention. TypicaUy, 
the perftuorcsulfonic acid polymer has a framework of perfluorocarbon such as a 
copolymer of terrafluoroexhylenc and trifluorovinyl and a side cham being bonded 
thereto and having a sulfonic acid group such as a side chain that a sulfonic acid group 
isbondedtoperfluoroalkylenegroup. The sulfonic scid group releases a hydrogen ion. 
' l0 produce an anion, and therefore conducts proton. 

TypicaUy, the polymer electrolyte membrane has been produced with melt 
extrusiontechnology. Since, perlluoropolymer does not evolve in a solvent, > special , 
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proa* mkmw* «maon and memtame extension b ■«** " a 
,,.^ ^ r ^fc,^H l ri.i1. iM ttl» Thereto, it Is ceaired to 
pr^to a element prtcess (br producing a mmtaM ' 
Moreover, ittu always tan desired » taP"* "» ""^ rf *" M 

Jap^ese patent application W* °P» >*>■ "«*" ' ""^ *" 

podudnl a t**r bo* eonprisins t». steps « ■ *» —* - M »— 
surh.ee of a cylinder hatfr* « *M*d *» 
Mt, to 4bh thereby totas • by » — dftH to"*** 

doanott^ipIywrdearol^maiibnwtoaMcdla^ 



Smmir"'" f ' l if ,nvm1 '°" 

AocoratnB to one aspect of U» present iavenfloo* there is raovided a method 

for producing a polymer decffolytft membrane adapted to a fiiel edl, comprising rite 

steps of: 

introtaeta, a to Uonid meito !n4c a <*»»«« havtef - 
tevfag , erfindrical cordon, *. firs, liorfd MM- I-* * »- - 
by ^iata of a first polymer aloetrdyt. »d a fir,. .*« >-* « »"*f w - 

aKotropic point mates from « to SS ° c : J,li 

.onrdngtbe cylinder for avaporBingtn. W^bymeans «f aeenttifcgal 
fere, eraued 0/ such rotanon m as to form » « po^ner^lyte bavins . 

. cylindrical ***** w* a «b«»Mv uniform Metaeas on the Inner surfta of 



the cylinder. 

According to another am of the presort invention, chore is provided a fuel 
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cell comprising: 

a polymer electrolyte membrane obtained by citing off a polymer electrolyte 
membrane obtained by the aforementioned method; and 

a pair of electrodes sandwiching the polymer electrolyte membrane. 

Fig, 1 is a cross section of a part of a fuel celL 
Fig. 2 Is an enlarged portion A of Fig. 1. 

t^i^Hm*^**^*^*^ 13 - **** 

gas with the catalytic layer 14. 

«. .. — u » * p«- 11 H """ 1 

p. „ pass ta*. Tte .4*. I-*" H*-* """" "* *" - " 
formings ohMMlfc' eondiwlma 

Each of the cautydc ^cks MM- "•*«*• **» « «* • 
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17. The electrically conductive carrier may be carbon particles. The catalytic 
substance 18 may be platinum metal or a platinum alloy. In Fig. 2, the catalytic 
substance 18 is coated onto the surface of the electrically conductive carrier 17. 
Alternatively, the catalytic substance 18 may have a particle configuration. 

The gas diffusion layer 22 is porous so as to allow the reactive gas to pass 
tough. Jn Fig. 2; the gas diffusion layer 22 is *■* of a plurality of electrically 
conductive particles 26 forming a gap 24. The electrically conductive particles may be 
carbon particles and same as electrically conductive carrier 17. Alternatively, the 
electrically conductive particle 26 is replaced* electrically conductive substance such 
as carbon fibers. 

According to the method of the present invention, the polymer elcctrolyis 
acxnbranc 12 may be produced. Moreover, the polymer el^olyte membra \2 as 
well as a precursor for a fuel cell having one of or both catalytic layers 14 may be 
produced Furthermore, a fuel cell may be produced by fi^g the diffuse lay* 

22 to the precursor. 

A method inaccordance with ihe present invention is plained hereinafter. 
Firstly, a prescribed liquid medium is introduced into a cylinder having an 
surface having a cylindrical configuration. The liquid medium may be 
introduced by pipette and so on. Alternatively, the liquid may be introduced by a 
machine. At the time of the introduction, the cylinder may be rotating 

. grjemain still. 

The liquid medium has at least one percent by weight of a polymer electrolyte 
and a solvent having a boiling point or an azeotropic point ranging from 60 to 
225 'C. The liquid medium may be either a solution or a suspension. In case of 
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the solution, the polymer electrolyte is dialed i» the solvent. . fa case of *e 
suspension, particles of the polymer electrolyte serving as a dispersion phase is 
dispell* a solvent serving as a commons phase. Alternatively, the liquid medium 
may be a slurry or a J**e. Preferably, the liquid medium contain not less than 1 
percent by weight of the polymer electrolyte and further preferably not less than 2 
percent by weight 

Preferably, the polymer electrolyte is soluble to a solvent. Statically, a 
solution priM* dissolves not less than 1 percent by weight of the polymer 
electrolyte and further preferably not less than 2 percent by weight ™c features 
facilitates forming a uniform polymer electrolyte membrane without forming pores 

therein. 

Preferably, the polymer electrolyte is sufficiently sable in use as the polymer 
electrolyte for a fuel cell and conduct sufficient protons. . 

For example, the polymer electrolyte is preferably a thennoplastio polymer 
having a sulfation rate of 30 * 90 percent, and farther preferably a thermoplastic 
polymer having a donation rate of 40 to 70 percent A ratio of the sulforation rate 
refers to a proportion of a sulfonic grcrrp P*r repeating unit of the thermoplastic 
poryme, For example, when each repeating unit of the thermoplastic polymer always 
has one sulfonic group, the sulfonation rate is 100 percent. 

The thermoplastic polymer includes, for example, tflufeflf 
, polysulfone, polyphenylene sulfide, polyamide, polyimidc and so on. The . 
polyethe'r polymer includes which further includes 

• poWetherethericetonc) and polyCetheretherketoneketone), and poltfemersulfone). 

Alternatively, the polymer electrolyte may be a basio poller. The basic 
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poiymcr includes, for example, polyfbenzimldteole), polyene), polyCpy^idme). 
poMimi^IeX polyCb^oie), poly^omole), polyCoxadizck), 
poly(quinoline), polyCqumoxaline), poly(thi*diazole), poly(tew»pyrene), 
polype), polyCthiazole), po^vinylpyrid^ polyCvinyUmid^l.) and so on. 
Among these, pol^dttixnidazole) b prefer^ Basic polymer, such as 
poly(ben2imidazole).disolos e d in W096/13872 may preferably be used. 

Poly^enamidKole) having a fbnnula as foil©** may preferably be used: 
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«*» R is an alkylene radical, a perfluoroalkyto* radical, or a subvert 
having a formula as follows: 




E«* of<fce eftytae laetal ttdttt pofhoro^leM «ft*l. «Udi »«y be 

1 to 6 carbon aloias. 

.i^eo; different and a hydros atom, alkyl radicd or phenyl radical 

The alkyl radical preferably contains l. to e careen 

a halogen atom such as a fluorine atom and sulfone radical 

Ate***; bade polyps h.ving aformulaas follow may be used: 




COX) 





40t 



R and R l have the aforementioned meaning. 

The We p*»« m W be doped * . «« *< ^ • « " 
Typieelly, a pelymer ete»ly» * "I**** 



foiming into a film. 
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configuration b obtained, and ft. polymer electrolyte membrane is cut off, and then the 
cut membra is doped with a strong *id 1* *o* ■* for 
sulfbiic add, phMpnorio aeid end •» 

In the present invention, 4. aolven. o» a boiliM point or a» """f 16 1" 4 * 
raflgine from €0 to 22S >C Prefaab* tm W »M -* 
prefaaWyf™.70to!OS°C. Wen to boiliBS paint or a oeotroP* ^ °f «" 
*mal, m to.m ^^W^jmmtos^. Ootheoibe, 

solvent easily evaporates, and it tD*y bo difficult to maintain uniformity of tite 
M.^«^"*--**" h,, *'"» l-- * ,,,,t -**"" 

fcelod*. fcr _* low anido. .«* as 

dte.hybcaoarJde, dtao^fom^ lower ea«» «W 

k «o. a such as metbyl«b)tt«ono, di Ce tk)»««>« W "* * ' 

^vdrof.™; tower atohoU ^ as m«W alco** ** *** *« e«eta 

«k as prowl-. -AM .**- - A^^** 

rin n«v be used, and, fbr example, t mta* * — and » org^ wive* may 

mi of tha solvent, and it is be peferaWe b some applications. 

. subieo^.tbecyiWarMda.glM^^""^ A " 1 » l,8l,i, ■ 

jopenos on a viseosity of .he *M * — * * 

Mk, rate of a, M 100 rpn>, prefer at M »0 rp«. »d fimher preferably _ 

. leat 1000 rpn. TnecentrifM^»f^^»^ B ^ toli< ^ 
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medium on the inner surface of the cylinder and to evaporate the solvent thereof. 
Consequent*, apol^^ 

a substantially uniform thicks is formed oa the inner surface of the cylinder. If 
desired, abore of the cylinder may have a reduced pressure by a vacuum pump and so 
onforinore^ganevaporat'ngrateofthesolve,! Ajtematively, the cylinder may be 

heated. 

The polymer electrolyte membra* typically has a thickness ranging from 1 
riveter to 300 micrometer, preferably 5 micrometer to 100 micrometer, and further 
preferably 10 to 50 micrometer. The thickness of the polymer electrolyte membrane 
can' be easily controlled by A concentration and/or an amount of the polymer solution 
added, 

The present invention provides a membrane having a Mghly uniform fc.ckness. 
Forexample^am^ 

is typically required for a unit cell of a fuel cell, is produced, distribution of the 
thictaess oftheme^^^ Proton conductivity depends 

on , thicks of the membmne, and «^ * *^ »^ 

performance of the cell. 

Subsequent to forming a polymer- electrolyte membrane on the inner surface of 
me cylinder m accordance with the method described above, substantially the same 
method may be repeated to form a laminated membrane. 

■Use of a liquid medium containing a catalytic particle therein produces a. 
precursor of a fuel cell having the polymer electrolyte membrane and a catalytic layer 
• laminated thereon, b this case, the polymer electrolyte membrane may be formed, 
and ft* the catalytic Layer may be formed. Alternatively, the catalytic layer may be 
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initially formed, and the* the polymer electrolyte membrane m be formed, and 
furthermore, the catalytic layer may be formed so that a pair of the catalytic layer 
sandwiches tbe polymer electrolyte membrane. 

In forming the catalytic layer, the same method as for producing the polymer 
electrolyte membrane may be used excepttbat the liquid medium additionally contain 
a catalytic particle. Ttec^&^te™^^^*™^ 01 *' 2 ' 

H» polymer electrolyte for the catalytic layer may be the same as or different 
from the polymer" electrolyte for the polymer electrolyte. However, in view of 
adhesion and continuity of hydrogen ion channels, the polymer electrolyte for the 
catalytic layer preferably contains the polymer electrolyte for the polymer electrolyte. 
Foreaaiupl^epol^ ■ 
polymer electrolyte for the polymer electrolyte and a fluoride xesm such tJ 
polyCtetraflnoroethylene). Alternatively, the polymer electrolyte for the catalytic layer 
a.ay be the same as tbe polymer electrolyte for the polymer electrolyte. 

Preferably, the catalytic layer is flta. The catalytic layer typify has a 
thicks ranging from 1 micrometer to 50 micrometer, preferably 1 miorometer to 20 
micrometer, and further preferably 1 to 10 micrometer. 

A method in accordance with the present invention produces a catalytic layer 
having a uniform thietaess. thereby allowing to incr^e the efficiency of the catalyst 
^ t0 decrease an amount of the catalyst required. Moreover, the present invention 
increases adhesion between the polymer electrolyte membrane and the catalytic layer 
for decreasing electrical resistance at the interface thereof, thereby increasing « output 
of the fuel cell. 
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Sample 1 

A ptteMMM) tavta! « «*■*» «<e <**■« 50 percent VttS 
taM in ^«W-2^olidone. <° ** ' ° f ' 

Mtf. cylinder Jv* . cvfindrtaa ^flt-** ** » *-* " f 11 
.^-.l****-*"* meyHnder^eef^*-.. 
Ttao^tew.ro.aedatWCfcrtwcl^ 

within 1-0 micrometer. 



A ooWxmMdHid.) »k tan Seed* Wane* ~ dta** * 
oereen.pywei.ht 155 »1 of sdmion W &»«<lu«d Wo . ^« « 

«. it, ^. - — E « - " 1000 *" * ' 

»embr»e to* . etfbdrM A tkM rf «• 

«. 33.8 n*»~ A taW. »- *. — «■ " *" 

defined «*. or t. *««Bin«l veju. was within 2 miero.ne.er. 
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The dMMlp h B-l*. >«•"*". *» 

with . diameter tf 7 em, and tie to «• taM« » acid, v,Mck » 

^^ty Mh'« room temper * 

ta0 „o*« to with . ta» rf 5 « M»ff>* I*-* 
Mm. a rf carbon eleetrode^ «M* « ^ » » P*~ ** ' 

W IMbf * MO "6 «* » >— » " 30 ^ '** 1 WWt<, °' iS " 

output of 0.4 Mil viitll 650 mW/cm 1 VtH obtBinei 

To, .amp.., J. HecWchem. M. W. W2. M. 7. pp. u»wa *— 1 



*e polymer Mi » the *fa* « -> V ' -** ^ " 

inwte di*»th««yll»d«. Tta *-r «-*-«—»-*"-*•» 

* weigh, of pWn-, . power powd« m-e of *e — T*« — *" ■ te 

,ooo n. . ««. »* — » a fita ^ *" 

electrolyte membraoe and Hie catalytic layer. 
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the tapr w» *™* *" » ^ *"** 

. ho> ***** to «** ^ *" "» ° ff *" ^ SUW " yB 

satisfactory adhesion. 

A producing nwhod in wtontaw mWi tfco pment invsntion is ctysblo of 

produciog a foljnner oleetrolyte membrane for * ^ ^ 1 lln ^ 3nIn *hi fl ' aleM ' 
^^ilfeinspatom^oftoftelooll. ito^; v*» * «**> tax* » 

toh^-^«^ i ^ ,, ^■ ,, ^ ,,l4,l "* ,, * , * , 

output of the fuel sell. ,• 
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Claims: 

A method for producing a polymer electro!^ m^a* adapted to . feel cd, 

comprising the steps of: 

inw.iu.tog . fir* mi mcdta U> . h*» • to- 

EeotnplepoliiltaMiagftMiSOBUB, 4 C;ana 

^^.-to^-^--^^^"*^^* 

the cylinder. 

p.l^ortovbgaS"!*^™ ia»of30 to Sop*** or .1»«*p*-r. 

A irettod of claim 1, 2 or 3, tettor onpriaM *• «=P> <* 

I* «• *«,*—••—-**■ — ' 

p*», * » — «*« ' " " 

ranging from «° to Sfl "Ci"" 1 

Mk, fe. <** for evaporating * ^ «*- * — af * 
^ * ^ rcodo, so is M form .4* ** **• ' 

c.mhc conar^ioo w*» . MKr ^ . -*» 



3 



4. 
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membrane. 

S. a method of claim 4 wterein the second polymer electrolyte is tha w» » the 

first polymer electrolyte. 

A ftal cell comprising: 

a polymer electrolyte membrane *tM by cuttiag off a polymer electro^ 
meriw» stained by a method of any one of claims 1 to 5; and 
'. Rpa irofelecteodessaiid^^ 
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K fer promts « poly»« ■"»■" » " ire " lse4 A 

BJ22 -C. S.b»,«ntly, A..**** is mad «* evwor-tos *. * 



IS - 
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